Compressive optic neuropathy · Hemianopic visual field defects · Anterior cerebral artery aneurysm Abstract It is not common for an isolated visual symptom to be the first indication of an aneurysm compressing the optic nerve. The compression can lead to blindness, and a recovery from the blindness is rare. We report a female with a left painless optic neuropathy caused by an unruptured anterior cerebral artery aneurysm. The patient had a temporal hemianopic visual field defect, which progressed to blindness in the left eye, while the right visual function was not affected. A coil embolization of the aneurysm completely restored her visual acuity to 20/20. These findings suggest that aneurysmal lesions should be ruled out in case of unilateral optic neuropathy with hemianopic visual field defects and progressive visual loss.
Introduction
Because the optic nerve is located near the anterior cerebral artery, anterior communicating artery, ophthalmic artery, internal carotid artery, and the supraclinoid portion of the internal carotid artery, aneurysms of these arteries may cause compressive optic neuropathy [1] . Thus, an aneurysmal lesion should be considered as a possible cause of optic neuropathy associated with a progressive visual deterioration [2] . However, it is extremely rare that a patient visits a hospital due to visual symptoms caused by an aneurysmal compression of the optic nerve. A recovery of the blindness caused by the compression has been rarely reported [3, 4] .
Aneurysms originating from the proximal segment (A1) of the anterior cerebral artery are rare and comprise <1% of all intracranial aneurysms [5] . Aneurysms in the A1 segment are usually small but tend to rupture at a smaller size than those from other arteries [5] . We report a case of unilateral compressive optic neuropathy caused by an unruptured A1 aneurysm. This case is unusual because the A1 aneurysm was found by the visual symptoms, but not headaches, before its rupture. In addition, the visual function was fully recovered from blindness by coil embolization.
Case Presentation
A 54-year-old female complained of visual disturbances in the left eye, which was first noted 2 weeks prior to her visit to our hospital. The visual symptom began with photophobia due to bright objects in the central visual field. She reported that she had not had any traumatic injury, vaccination, or infection before the onset. She was not diabetic or hypertensive, but she had undergone mitral valve surgery 5 years earlier.
At the initial examination, her visual acuity was 20/20 OD and 20/500 OS. She did not complain of headaches, retrobulbar pain, or orbital pain. Visual field testing revealed a temporal hemianopic visual field defect in the left eye, while the visual field in the right eye was normal ( Fig. 1a ). Fundus examination showed no remarkable changes of the optic disc of both eyes. A relative afferent pupillary defect was present in the left eye. The intraocular pressure was 16 mm Hg OU. These findings suggested that the left retrobulbar optic nerve was impaired, and she was immediately hospitalized.
Steroid pulse therapy was started, but the left visual acuity in the left eye decreased to blindness on the next day. MRI and time-of-flight MR angiography were performed 2 days after the initial visit.
MRI with gadolinium enhancement revealed a round, space-occupying lesion with a diameter of 11.5 mm that was located at the suprasellar cistern which compressed the left optic nerve near the chiasma (Fig. 2) . The inside of the space-occupying lesion showed a partial high-intensity signal with iso-to low-intensity signals by T1-weghted images and isoto low-intensity signals by T2-weighted images. Gadolinium enhancement was positive in the region with the iso-to high-intensity signals on the T1 weighted images. This heterogeneous intensity pattern with partial gadolinium enhancement suggested a development of a thrombus in the aneurysm. The MR angiography and digital subtraction angiography suggested that the aneurysm protruded from the A1 segment of the anterior cerebral artery near the anterior communicating artery (Fig. 3 ). She was transferred to the Department of Neurosurgery, and coil embolization was successfully performed without significant complications.
Three days after the surgery, her visual acuity had improved from blindness to 20/667 OS, and the visual field was slightly enlarged from the initial examination (Fig. 1b, left) . One month after the surgery, her visual acuity was further improved to 20/20 OS, and the relative afferent pupillary defect was absent on the left side. The left visual field was improved, and neither the scotoma nor the enlargement of the blind spot remained (Fig. 1b, right) .
Discussion
The findings in our case suggest that a painless unilateral optic neuropathy with temporal hemianopic visual field defects can be caused by a compression of the optic nerve by an unruptured aneurysm of the proximal anterior cerebral artery at its juncture with the anterior communicating artery. In addition, a surgical decompression of the aneurysm can lead to a complete recovery from the blindness.
Aneurysms of the anterior communicating artery or the anterior cerebral artery at its junction with the anterior communicating artery usually rupture before becoming large enough to compress the visual pathways [2] . Thus, in cases with an aneurysm of these arteries, visual impairments are usually caused by subarachnoid hemorrhages [6] . Our case was unusual because it presented with an acute isolated optic neuropathy [7] .
The patient did not complain of retrobulbar pain, which is reported in the majority of cases of optic neuritis [8] . In addition, hemianopic visual field defects are also uncommon in cases of optic neuritis [8] . However, a differential diagnosis of optic neuritis associated with neuromyelitis optica spectrum disorders is difficult because painless and hemianopic visual field defect can be present in neuromyelitis optica spectrum disorders [9] . Thus, we began intravenous corticosteroid soon after hospitalization.
The pattern of visual field defects caused by aneurysmal compressive optic neuropathy is varied, but a hemianopic visual field defect is often detected [2] . Headaches and orbital pain are also common, and dementia or personality changes are reported in some cases [2] . These symptoms were not present in our case, but the patient complained of photophobia as an initial symptom of the visual alterations. This positive visual phenomenon has been reported in cases with aneurysmal compressive optic neuropathy [10] . However, photophobia is also present in cases of optic neuritis [8] . Thus, the hemianopic visual field defect and progressive visual deterioration were the signs and symptoms that characterized our case.
It is well established that some patients with compressive optic neuropathy caused by tumors can have their visual function restored after removal of the tumor [1, 11] . Similarly, decompression surgery for an aneurysm compressing the optic nerve can achieve full visual recovery even from blindness [3, 4] . These observations suggest that a compression of the optic nerve can cause visual impairments through the blockage of conduction and demyelination, and the retinal ganglion cells can survive for some time. The time required for visual recovery is reported to vary from days [3, 4] to months [12] . In this regard, it has been suggested that relief of the compression may contribute to the rapid recovery, but remyelination may take a longer recovery time [13] . A longer duration of the visual impairment probably affects the prognosis [11] . However, successful decompression does not always lead to good recovery of visual function from the acute visual loss [14, 15] . Thus, vascular insufficiency of the optic nerve has been suggested to be the reason for the different visual outcomes. In our case, a complete recovery was achieved after the 2-weeks of visual deterioration to blindness. However, this is a single case report, and our findings cannot be generalized in compressive optic neuropathy due to aneurysms.
In conclusion, neuroimaging needs to be performed in cases of optic neuropathy with unusual visual field defects, e.g., hemianopic visual field defects, or with a progressive visual deterioration to rule out aneurysmal lesions even in cases with painless optic neuropathy. Fig. 1 . Visual field changes of a patient with severe reduction of vision in the left eye. a Findings at the initial examination. A temporal hemianopia respecting the vertical midline is present in the left eye, while the visual field of the right eye is not affected. b Three days after the endovascular surgery. The left visual field is larger than that at the initial examination with blindness (left). One month after the surgery, the left visual field recovers to the normal size (right). Fig. 2 . Axial T1-weighted (a) and axial T2-weighted (b) magnetic resonance images, axial T1-weighted magnetic resonance images with gadolinium enhancement (c), and coronal T1-weighted magnetic resonance images with gadolinium enhancement (d). Inside the aneurysm (indicated by an arrow in each image), a heterogeneous pattern of intensities exists with partial gadolinium enhancement. 
